ceeded in an axial manner to afford [2b-
2 H]-3a-ol 6. The 3a-alcohol 6 was converted to 3b-alcohol 8 via oxidation leading to 3-ketone 7 and reduction. After protecting 8 as the acetate 9, the THP group was deprotected to give 6b-ol 10 which, upon dehydration, afforded 5-ene 11. Hydrolysis of the acetyl group of 11 gave the desired 2a. Compound 2a exhibited a single signal at d 1.50 in its 2 H-NMR spectrum. [2a-
2 H]Cholesterol (2b) was synthesized according to Chart 2. The same starting material 3 was converted to pivaloyl ester 12. Hydroboration of 12 with BD 3 afforded a mixture of four isomeric alcohols, from which 3a-alcohol 13 was separated by silica-gel chromatography. The 3a-alcohol 13 was converted to 3b-alcohol 15 in an oxidation-reduction sequence via 14. Compound 15 was converted to THP ether 16, and then the pivaloyl group was removed by reduction to give 6b-ol 17. Dehydration of 17 gave 5-ene 18. Removal of the THP group of 18 furnished the desired 2b. The a-orientation of the deuterium atom at the C-2 of 2b was established at the stage of the ketone 14. H-labeled cholesterols available, experiments feeding Ajuga hairy roots were performed as described previously. Briefly, 100 mg of the deuteriocholesterol was administered to Ajuga hairy roots which had been preincubated for two weeks, followed by incubation for another two weeks. From the roots, 20-hydroxyecdysone was obtained after chromatographic separation and final purification by HPLC.
The 2 H-NMR spectra of the 20-hydroxyecdysones derived from 2a and 2b are shown in Fig. 1 . The 20-hydroxyecdysone derived from 2b displayed a deuterium signal at d 4.15, which corresponds to the 2a-hydrogen of 20-hydroxyecdysone, whereas the 20-hydroxyecdysone derived from 2a did not exhibit any signals in this region. The observed signal could be assigned to the deuterium at C-2 rather than C-3, since the 3a-hydrogen of cholesterol is known to be retained during the conversion to 20-hydroxyecdysone.
4) The assignment was further confirmed by 2 H-NMR analysis of the corresponding 2,3,22-triacetate derivative which showed a signal at d 5.08 due to 2a-2 H (Fig. 2) . These results indicated that the 2b-hydrogen of cholesterol is stereospecifically removed and the 2a-hydrogen is retained during 20-hydroxyecdysone biosynthesis in Ajuga hairy roots. The retention of the 2a-hydrogen was shown in the above feeding studies. However, an equilibration between the 2-hydroxy compound and 2-oxo derivative, during or after the biosynthesis of 20-hydroxyecdysone, would cause partial loss of the 2a-hydrogen. Indeed, characterization of 3-oxo compounds such as 3-dehydroecdysone 10) and their possible involvement in biosynthesis 8) have been reported. In contrast, no loss of the 3a-hydrogen was reported with the plant, Taxus baccata. 11) A further study was, therefore, undertaken using a doubly labeled compound, [2a,3a-2 H 2 ]cholesterol (2c). The synthesis of 2c is illustrated in Chart 3. Compound 14 was reduced with LiAlD 4 to give a [2a,3a-2 H 2 ]-derivative 19, which was converted into 2c, through THP ether 20, 6-ol 21 and 5-ene 22, in the same manner as described for the synthesis of 2b. The 2 H-NMR spectrum of 2c exhibited signals at d 1.82 and 3.50 due to 2a-2 H and 3a-2 H, respectively. Compound 2c was fed to Ajuga hairy roots in the same manner as described above, and the resulting 20-hydroxyecdysone and its 2,3,22-triacetate derivative were analyzed by 2 H-NMR. The 20-hydroxyecdysone exhibited a broad 2 H signal at ca. d 4.15 (data not shown). The 2 H-NMR spectrum of the triacetate is shown in Fig. 2 , which displayed partially overlapping signals at d 5.38 and 5.17 assignable to the C-3a and C-2a deuterium atoms, respectively. The intensity of the two signals was fairly simmilar. Thus, it is safe to conclude that a mechanism involving partial loss of the 2a-hydrogen does not operate in Ajuga hairy roots.
In conclusion, the present study has established that C-2 hydroxylation during the biosynthesis of 20-hydroxyecdysone in Ajuga hairy roots proceeds with retention of configuration. A possible contribution from a 2-oxo compound was ruled out. Thus, the C-2 hydroxylation is most likely to occur in a direct hydroxylation mechanism. The steric course of the C-2 hydroxylation in Ajuga hairy roots is identical with that reported in the insect, S. gregaria.
12) It is reported that the enzyme responsible for the C-2 hydroxylation of L. migratoria is a monooxygenase which is not a cytochrome P450. 13, 14) We recently reported that the C-25 hydroxylation during the biosynthesis of 20-hydroxyecdysone in Ajuga hairy roots is not stereospecific, but proceeds both via retention and inversion mechanisms.
15)

Experimental
1 H-NMR spectra were obtained on a JEOL JNM-LA300 (300 MHz) or LA400 (400 MHz) spectrometer in CDCl 3 solutions and chemical shifts (d) are reported in ppm downfield from tetramethylsilane (used as an internal reference). The signals for 26-H 3 and 27-H 3 (6H, d, Jϭ7.5-8.1 Hz) were observed at d 1.86-1.87 for all steroidal compounds, and these data are not described. 5a a-Cholest-2-en-6b b-ol THP Ether (4) Dihydropyran (DHP) (0.44 ml, 4.88 mmol) and p-toluenesulfonic acid monohydrate (p-TsOH · H 2 O) (2 mg) were added to a solution of compound 3 (940 mg, 2.44 mmol, obtained by NaBH 4 reduction of 5a-cholest-2-en-6-one which was prepared from 3,5a-cyclocholestan-6-one by the method of Aburatani et al. 9) ) in dry CH 2 Cl 2 (20 ml), and the reaction mixture was stirred at room temperature for 30 min. Addition of saturated NaHCO 3 followed by an extractive (AcOEt) work-up gave a crude product which was chromatographed on silica-gel (hexane : AcOEtϭ30 : 1) to give 4 (950 mg, 83%) as a colorless oil. 1 2a a,3a a-Epoxy-5a a-cholestan-6b b-ol THP Ether (5) Na 2 CO 3 (160 mg) and m-chloroperbenzoic acid (mCPBA) (492 mg, 2.00 mmol) were added to a solution of 4 (940 mg, 2.00 mmol) in dry CH 2 Cl 2 (6 ml) and the reaction mixture was stirred at room temperature for 30 min. An extractive (CH 2 Cl 2 ) work-up gave a crude product which was chromatographed on silica-gel (hexane : AcOEtϭ20 : 1) to give 5 (781 mg, 80%) as an amorphous solid. 1 7H, s, 18-H 3 LiAlH 4 (86 mg, 2.27 mmol) was added to a solution of 7 (721 mg) in THF (11 ml) and the reaction mixture was stirred at room temperature for 20 min. An extractive (ether) work-up gave a crude product which was chromatographed on silica-gel (hexane : AcOEtϭ3 : 1) to afford 8 (601 mg, 85% from 6) as white crystals, mp 100-104 and 120-124°C (from hexane). MeOH (5.0 ml) and a drop of 2 N HCl were added to a solution of 9 (590 mg) in THF (3.0 ml), and the reaction mixture was stirred at room temperature for 6 h. An extractive (ether) work-up gave a crude product which was chromatographed on silica-gel (hexane : AcOEtϭ4 : 1) to give 10 (415 mg, 76%) as white crystals, mp 140-143°C (from MeOH) (lit. 16) 5% MeOH/KOH (4.0 ml) was added to a solution of 11 (412 mg) in THF (2.0 ml), and the mixture was stirred at room temperature overnight. An extractive (ether) work-up gave a crude product which was chromatographed on silica-gel (hexane : AcOEtϭ3 : 1) and then recrystallized from MeOH to give 2a (220 mg, 75% from 10) as white crystals, mp 149-152.5°C. 30. 5a a-Cholest-2-en-6b b-ol Pivaloate (12) Pivaloyl chloride (6.6 ml, 54.7 mmol) was added to a solution of 3 (3.02 g, 7.81 mmol) in pyridine (10 ml) at 0°C, and the reaction mixture was stirred at 60°C over night. An extractive (ether) work-up gave a crude product which was chromatographed on silica-gel (hexane : AcOEtϭ20 : 1) to give 12 (2.71 g, 74%) as white crystals, mp 78-78.5°C (from MeOH). 1 [2a a-2 H]-6b b-Pivaloyloxy-5a a-cholestan-3a a-ol (13) BF 3 · Et 2 O (0.74 ml, 6.01 mmol) was added to a solution of 12 (2.49 mg, 5.28 mmol) and NaBD 4 (188 mg, 4.49 mmol) in THF (20 ml) dropwise at 0°C, and the reaction mixture was stirred at room temperature for 30 min. Water (2.0 ml), 3 N NaOH (2.0 ml) and 30% H 2 O 2 (2.0 ml) was added and the mixture was stirred for 30 min. An extractive (AcOEt) work-up gave a crude product which was chromatographed on silica-gel (hexane : AcOEtϭ6 : 1) to give 13 (584 mg, 23%) as an amorphous solid. 1 
